APPARATUS AND METHOD FOR REMOVING GASSES FROM A LIQUID 

Field of the Invention 
The invention relates to the medical devices and methods of treatment using 
medical devices, and more particularly the invention relates to devices and methods of 
5 removing gasses, such as gas bubbles and/or dissolved gasses, from a liquid to be 
delivered to a patient. 

Background 

Many diseases and/or conditions are commonly treated and/or diagnosed by 
procedures involving the introduction of one or more fluids to an internal site within a 

10 patient. For example, liquids such as drugs, marker dies, saline, flush solutions, 
intravenous nutrients, anesthetics, blood, and/or a broad variety of other such liquids may 
be delivered to an internal site in a patient. For example, the delivery of liquids to a 
treatment site may be used in procedures such as angioplasty, angiography, 
catheterization, arterial pressure monitoring, intravenous, interarterial, intercranial or 

15 other such delivery procedures, or the like. 

In order to prevent or minimize the risk of injury to the patient from air embolism, 
it is generally necessary to reduce and/or eliminate air or other gasses from the fluid 
delivered. In many procedures, fluid delivery devices and lines are manually cleared of 
visible air bubbles by flushing prior to use. 

20 There are a number of different structures and assemblies, and method for use 

thereof, for removing gasses from a liquid, each having certain advantages and 
disadvantages. However, there is an ongoing need to provide alternative structures, 
assemblies, and methods for removing gasses, such as gas bubbles and/or dissolved 
gasses, from a liquid to be delivered to a patient 

25 Summary 

In some aspects, the invention relates to several alternative designs, materials, and 
methods of manufacturing alternative structures and assemblies, and alternative methods 
of removing gasses, such as gas bubbles and/or dissolved gasses, from a liquid to be 
delivered to a patient. 



The above summary is not intended to describe each disclosed embodiment or 
every implementation of the present invention. The Figures, and Detailed Description 
which follow more particularly exemplify these embodiments. 

Brief Description of the Drawings 
5 The invention may be more completely understood in consideration of the 

following detailed description of various embodiments of the invention in connection 
with the accompanying drawings, in which: 

Figure 1 is a side view of an example embodiment of a catheter infusion system 
including a plurality of gas removal devices; 
10 Figure 2 is a partial cross-sectional side view of one example embodiment of a gas 

removal device including a filter structure including gas permeable membranes and a 
central arrangement of structure for gas removal; 

Figure 3 is a partial cross-sectional view taken along a vertical line perpendicular 
to a longitudinal axis of the gas removal devices of Figure 2 (i.e., along line 3-3 of Figure 
15 2); 

Figure 4 is a partial cross-sectional view of the filter structure used in the example 
filter device of Figures 2 and 3, showing the filter assembly prior to rolling and insertion 
into a filter housing; 

Figure 5 is a partial perspective view of the filter structure used in the example 
20 filter device of Figures 2 and 3, showing the filter structure absent the housing and in an 
un-rolled configuration; 

Figure 6 is a partial cross-sectional side view of one example embodiment of a gas 
removal device including a side arrangement of structure for gas removal; 

Figure 7 is a partial cross-sectional view of the gas removal devices of Figure 6 
25 taken along line 7-7 of Figure 6; 

Figure 8 is a partial cross-sectional view of the filter structure used in the example 
filter device of Figures 6 and 7, showing the filter structure shown in an unrolled 
configuration and in communication with a side port; 
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Figure 9 is a side view of another example embodiment of a catheter infusion 
system including a plurality of gas removal devices, one of which includes structure for 
allowing insertion of a device there through; 

Figure 10 is a partial cross-sectional side view of one example embodiment of a 
5 gas removal device including a side venting configuration and including a device lumen; 

Figure 1 1 is a partial cross-sectional side view of one example embodiment of a 
gas removal device including a central venting configuration and including a device 
lumen; 

Figure 12 is a side view of another example embodiment of a catheter infusion 
10 system including a plurality of gas removal devices, wherein one of the gas removal 
devices includes structure for connection to a fluid delivery system, such as a manifold, 
and structure for allowing insertion of a device into and through the gas removal device 
separate from the manifold; 

Figure 13 is a partial cross-sectional side view of one example embodiment of a 
15 gas removal device including structure for connection to a fluid delivery system and 
structure for allowing insertion of a device into and through the gas removal device, as in 
Figure 12, wherein the gas removal device includes a side venting configuration and a 
device lumen; 

Figure 14 is a partial cross-sectional side view of one example embodiment of a 
20 gas removal device including structure for connection to a fluid delivery system and 
structure for allowing insertion of a device into and through the gas removal device, 
similar to that in shown in Figure 13, but wherein the gas removal device includes a 
central venting configuration and the device lumen extends through a side wall of the 
device housing; 

25 Figure 15 is a partial cross-sectional side view of another example embodiment of 

a gas removal device similar to the one shown in Figure 7, but including a flow return 
system, wherein in the embodiment shown, a check valve system is shown; 

Figure 16 is a partial cross-sectional side view of the gas removal device of Figure 
15, showing check valve system preventing flow into the filter and providing a reverse 

30 flow of fluid around the filter; 
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Figure 17 is a partial cross-sectional side view of another example embodiment of 
a gas removal device similar to the one shown in Figure 15, including a flow return 
system, and also including a device lumen; 

Figure 18 is a partial cross-sectional view of a filter assembly used in another 
5 example filter device, showing generally folds in the filter assembly prior to insertion into 
a filter housing; 

Figure 19 is a partial perspective view of the filter assembly of Figure 18, showing 
the filter assembly prior to insertion into a filter housing; 

Figure 20 is a partial cross-sectional view taken along a vertical line perpendicular 
10 to a longitudinal axis of another example embodiment of a gas removal device (for 
example, a view similar to the one shown in Figure 3); 

Figure 21 is a partial cross-sectional side view of another example embodiment of 
a gas removal device similar to the one shown in Figure 7, but also including a vacuum 
generating device on the housing and in fluid communication with the vent port of the gas 
15 removal device; 

Figure 22 is a partial cross-sectional side view of another example embodiment of 
a gas removal device including a plurality of gas permeable hollow fiber membranes and 
including a central venting configuration; 

Figure 23 is a is a partial cross-sectional view of the gas removal devices of 
20 Figure 22 taken along line 23-23 of Figure 22; 

Figure 23A is a is a partial cross-sectional view of the gas removal devices of 
Figure 22 taken along line 23A-23A of Figure 22; 

Figure 24 is a partial cross-sectional side view of another example embodiment of 
a gas removal device similar to the one shown in Figure 22, but also including a device 
25 lumen extending within the device; 

Figure 25 is a partial cross-sectional side view of another example embodiment 
of a gas removal device similar to the one shown in Figure 22, but including a side vent 
configuration and further including a flow return system, wherein in the embodiment 
shown, a check valve system is shown; 
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Figure 26 is a partial cross-sectional side view of another example embodiment of 
a gas removal device similar to the one shown in Figure 22, but including a side vent 
configuration and further including a vacuum generating device on the housing and in 
fluid communication with the side vent port; and 
5 Figure 27 is a side view of another example embodiment of a catheter infusion 

system including a manifold device including a filter structure within the catheter body. 

While the invention is amenable to various modifications and alternative forms, 
specifics thereof have been shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the intention is not to limit the 
10 invention to the particular embodiments described. On the contrary, the intention is to 
cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention. 

Detailed Description of Some Embodiments 
For the following defined terms, these definitions shall be applied, unless a 
15 different definition is given in the claims or elsewhere in this specification. 

All numeric values are herein assumed to be modified by the term "about", 
whether or not explicitly indicated. The term "about" generally refers to a range of 
numbers that one of skill in the art would consider equivalent to the recited value (i.e., 
having the same function or result). In many instances, the terms "about" may include 
20 numbers that are rounded to the nearest significant figure. 

The recitation of numerical ranges by endpoints includes all numbers within that 
range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). 

As used in this specification and the appended claims, the singular forms "a", 
"an", and "the" include plural referents unless the content clearly dictates otherwise. As 
25 used in this specification and the appended claims, the term "or" is generally employed in 
its sense including "and/or" unless the content clearly dictates otherwise. 

The following detailed description of some example embodiments should be read 
with reference to the drawings, wherein like reference numerals indicate like elements 
throughout the several views. The drawings, which are not necessarily to scale, depict 
30 some example embodiments and are not intended to limit the scope of the invention. 
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Those skilled in the art and others will recognize that many of the examples provided 
have suitable alternatives which may also be utilized. 

The invention relates to the use of gas permeable membrane material in the 
construction of gas removal devices adapted and/or configured to remove gas, such as gas 
5 bubbles and/or dissolved gas, from a liquid to be delivered to a patient during a medical 
procedure. In some embodiments, layers of gas permeable membrane material are used to 
construct a filter structure for removing gas from the liquid. In other embodiments, 
hollow tubes and/or fibers of the gas permeable membrane material are used to construct 
a filter structure for removing gas from the liquid. The gas removal devices may be used 

10 in any of a broad variety of liquid delivery systems and/or configurations. For example, 
the gas removal devices may be put into fluid communication with a liquid path of any of 
a broad variety of liquid delivery structures, either individually or within a system. Some 
examples of such liquid delivery structures that may be used individually, or within a 
system, include catheters, hypotubes, syringes, pumps, tubes, lines, manifolds, or any of a 

15 broad variety of other liquid delivery structures. A number of example embodiments of 
gas removal devices and examples of liquid delivery structures, assemblies, and systems 
are set fourth below. However, it should be noted that the particular embodiments shown 
and described are given by way of example only. 

One example embodiment of a liquid delivery system is shown in Figure 1. 

20 Figure 1 is a side view of an example infusion system 10 including one or more, and in 
this case, a plurality of gas removal devices 12a-c. In this particular embodiment, the 
infusion system is a catheter infusion system including a catheter 25, a manifold 14, and 
one or more liquid supply containers or reservoirs 16 and 18. The system 10 may also 
include one or more infusion and/or aspiration devices 20, for example, a syringe, a bulb, 

25 a pump, or other such device. Additionally, the system 10 may include one or more 
monitoring and/or sensing devices 30, for example a pressure sensing device, temperature 
sensing device, or other like monitoring and/or sensing devices. The infusion system 10 
provides for one or more selective fluid pathways for the selective delivery of one or 
more liquids from the liquid supply containers 16 and 18 to the catheter 25. The catheter 

30 25 can be adapted and/or configured to deliver the fluid internally to the patient. As can 
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be appreciated, the gas removal devices 12a-c can be put into fluid communication with 
one or more of the fluid pathways within the system 10 to remove gas from one or more 
of the liquids being delivered to the patient. It should be understood that a broad variety 
of suitable catheters, a manifolds, liquid supply containers or reservoirs, infusion devices, 
5 monitoring and/or sensing devices and the like are generally known in the art, and may be 
used in such an infusion system and/or in conjunction with gas removal devices. It should 
also be understood that the gas removal devices and configurations disclosed herein may 
be used with any of a broad variety of alternative fluid delivery structures and/or systems, 
and are not limited for use with this type of infusion system 10 or with the particular 

10 components shown. 

In the embodiment shown, the manifold 14 may include a central or main fluid 
delivery lumen 17 including one or more liquid supply ports 22/24. The ports 22/24 can 
be adapted and/or configured for selective fluid communication with the main fluid 
delivery lumen 17. For example, the ports 22/24 may include valves, such as stopcock 

15 type valves 32b/32c that can be individually manipulated to selectively provide fluid 
communication between the ports 22/24 and the main fluid delivery lumen 17. In other 
embodiments, other types of valves or selective flow devices may be used, for example a 
series of check valves or the like. Fluid containers 16/18 are in fluid communication with 
the ports 22/24, for example through tubing 15/19, and gas removal devices 12a/12b, 

20 respectively. By appropriate manipulation of the valves 32b/32c, fluid within the 
containers 16/18 can be selectively allowed to flow from the containers 16/18 through 
tubing 15/19, through the gas removal devices 12a/ 12b, and selectively through ports 
22/24, respectively, and into the main fluid delivery lumen 17. 

The manifold 14 may also include one or more infusion device ports 26, which 

25 can be adapted and/or configured to engage and provide fluid communication between an 
infusion devices 20, for example, a syringe or the like, and the main fluid delivery lumen 
17. Additionally, the manifold 14 may include one or more monitoring and/or sensing 
devices ports 27, which can be adapted and/or configured to engage and provide fluid 
communication between a monitoring and/or sensing device 30, for example a pressure 

30 sensing device, and the main fluid delivery lumen 17. The ports 26/27 may also 
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optionally include valves, such as stopcock type valves or the like, that can be 
individually manipulated to selectively provide fluid communication between the ports 
26/27 and the main fluid delivery lumen 17. For example, in this embodiment, a valve 
32a is shown on port 27 to provide for selective fluid communication between the 
5 pressure sensing devices 30 and the main fluid delivery lumen 17. Such a valve could 
also be included on port 26 to provide for selective fluid communication between the 
infusion devices 20 and the main fluid delivery lumen 17. 

The manifold 14 also includes a fluid outlet port 31 which can be adapted and/or 
configured to provide fluid communication between the main fluid delivery lumen 17 and 

10 a delivery device (such as the catheter 25), or structure engaging and in fluid 
communication with a delivery device. For example, in the embodiment shown, the fluid 
outlet port 31 is engaged and in fluid communication with a gas removal device 12c, 
which in turn is engaged and in fluid communication with the catheter 25. 

The various components can be interconnected in appropriate fluid 

15 communication using standard connecting structures, for example permanent and/or 
releasable connecting structures generally known in the art. For example, in some 
embodiments, the gas removal devices 12a/12b can be connected to the ports 22/24 using 
connecting structures 28, such as quick release connecting structures, or the like. 
Additionally, the infusion device 20 and/or the monitoring device 30 and/or the gas 

20 removal device 12c may also be connected to the ports 26/27/31, respectively, using 
standard connecting structures 28, such as quick release connecting structures, or the like. 
Furthermore, the catheter 25 and/or the gas removal device 12c may be connected using 
standard connecting structures. For example, the catheter may include connecting 
structure 23 adapted and/or configured for engaging and providing fluid communication 

25 between the catheter and the gas removal device 12c, and such structure 23 may include a 
quick release type connecting structure, or the like. Additionally, any of the ports, fluid 
and/or device inlets or outlets, or lumen described in any of the embodiments herein may 
include any number of sealing devices or configurations. For example, a dual flexible 
membrane may be incorporated such that, if a port is not connected to another element, 

30 fluid flow out of the port is prevented. Such sealing devices or configurations may be 
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adapted to allow various devices to be inserted therethrough while also providing a fluid 
seal around an inserted device. 

Each of the liquid supply containers 16/18 can include one or more liquids for 
selective delivery to the patient. Some examples of such liquids may include drugs, 
5 marker dies, saline, flush solutions, intravenous nutrients, anesthetics, blood, and/or a 
broad variety of other such liquids. The liquids within the containers may be the same or 
different among individual containers. For example, in some embodiments, the liquid in 
container 18 may include a contrast media liquid, while the liquid in container 16 may 
include a saline or flush solution. Such a configuration may be used, for example, during 

10 a procedure wherein a contrast media is desired for delivery into a patient for diagnostic 
and/or visualization purposes, and saline may be used as a rinse and/or flushing agent. 

The infusion system 10 can be used in a number of ways to deliver these liquids 
from the liquid supply containers 16/18 to the catheter 25, and ultimately to an internal 
location within the patient. For example, valves 32b/32c can be individually manipulated 

15 to selectively provide fluid communication between one or both of the liquid supply 
containers 16/18 and the main fluid delivery lumen 17. The syringe can be manipulated 
to draw liquid from one and/or both of the container 16/18 (depending upon valve 
32b/32c orientation). The valves 32b/32c can then be manipulated to provide fluid 
communication between the syringe 20 and the catheter 25 through the main fluid 

20 delivery lumen 17. The syringe 20 can then be manipulated to force liquid through the 
main fluid delivery lumen 17 and to the catheter 25 for delivery to an internal location 
within the patient. Additionally, valve 32a can be individually manipulated to selectively 
provide fluid communication between pressure sensor 30 and the main fluid delivery 
lumen 17 for pressure readings at desired times during a procedure and/or during liquid 

25 delivery. 

As can be appreciated, during such liquid delivery procedures, the liquid being 
delivered from the liquid supply containers 16/18 to the catheter 25, and ultimately to the 
patient, passes through at least one of the gas removal devices 12a-c for degassing. For 
example, liquid delivered from the fluid container 16 will pass through gas removal 
30 devices 12a and 12c. Similarly, delivered from the fluid container 18 will pass through 
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gas removal devices 12b and 12c. It should be understood that this infusion system 10 is 
given by way of example only, and that in many applications, each liquid being delivered 
to a patient may pass through more or fewer than two gas removal devices. For example, 
in the system shown, gas removal devices 12a and 12b could be removed from the 
5 system, and all fluid being delivered to the catheter 25 would still pass through gas 
removal devices 12c for degassing. As another example, in the system shown, gas 
removal device 12c could be removed, and all liquid being delivered to the catheter 25 
would still pass through either gas removal device 12a or 12b for degassing. It can also 
be appreciated that in some applications, only some of the liquid may need to be 

10 degasses, and therefore, a system may be set up such that some liquids being delivered 
may not pass through a gas removal device. However, as can be appreciated, during a 
liquid delivery procedures, at least some of the liquid being delivered may pass through 
one or more gas removal devices, for example devices 12a-c, for degassing. 

Refer now to Figure 2, which is a partial cross-sectional side view of one example 

15 embodiment of a gas removal device 112. For example, such a gas removal device 112 
may be used as one or more of the gas removal devices 12a-c shown in the system 10 of 
Figure 1, or in another gas removal system or application, as desired. The device 112 
includes a housing 42 defining a liquid inlet 44, a liquid outlet 46, and a chamber 48 
disposed at least partially between the inlet 44 and outlet 46. A gas filter structure 50 is 

20 disposed within the chamber 48. In the embodiment shown, the filter structure 50 
includes a plurality of gas permeable membrane layers in a coiled and/or spiral 
configuration within the chamber, as discussed in more detail below. 

As seen best in Figure 4, which is a partial cross-sectional side view showing the 
filter structure 50 absent the housing and in an expanded and/or uncoiled form, the filter 

25 structure 50 includes a first gas permeable membrane layer 52 and a second gas 
permeable membrane layer 54. The first and second layers 52/54 form a gas collection 
space 56 disposed between the two layers 52/54. The layers 52/54 each include an inner 
surface 51 and an outer surface 53. The inner surfaces 51 at least partially define the 
bounds of the gas collection space 56, and the outer surfaces 53 at least partially define a 

30 contact area, and/or liquid flow space 57 for liquid passing within the device 1 12. When 
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the filter structure 50 is placed into a housing 42, the outer surfaces 53, potentially in 
combination with the inner surface of the housing 42, will help define the liquid flow 
space 57. The outer surfaces 53 (i.e., liquid contact area and/or liquid flow space 57) are 
separated from the gas collection space 56 by at least one of the membrane layers 52/54. 
5 Therefore, as liquid passes through the liquid flow space and over the outer surfaces 53 of 
the gas permeable membrane layers 52/54, gas (if any) within the liquid can permeate one 
of the gas permeable membrane layers 52/54 and enter into the gas collection space 56. 
Some examples of materials and structures that may be used for the gas permeable 
membrane layers 52/54 will be discussed in more detail below. 

10 In the embodiment shown, the filter structure 50 can also include one or more 

spacer layers 58 (i.e., permeate spacer layer) disposed within the gas collection space 56. 
The spacer layer 58 can aid in maintaining the gas collection space 56 open by keeping 
the inner surfaces 51 of the two membrane layers 52/54 separate, while still allowing for 
the flow of gas within the gas collection space 56. Additionally, the filter structure 50 

15 can also include one or more spacer layers 60 (i.e., flow spacer layer) disposed within the 
liquid flow space 57, for example, along the outer surfaces 53 of one or both of the 
membrane layers 52/54. The spacer layer 60 can aid in maintaining the liquid flow space 
57 open by keeping the outer surfaces 53 of the two membrane layers 52/54 separate from 
each other and/or appropriately spaced from other structures, such as the housing or gas 

20 venting structure, while still allowing for the flow of liquid within the liquid flow space 
57. Some examples of materials and structures that may be used for the spacer layers 58 
and 60 will be discussed in more detail below. 

Referring to Figure 5, in the embodiment shown, the layers 52/54 are in the form 
of generally flat sheets or leafs of material having outer peripheries 55 that are generally 

25 overlapping with one another. The layers 52/54 can be connected to each other about at 
least a substantial portion of their outer periphery to define the gas collection space 56. 
For example, in the embodiment shown, the layers 52/54 include an outer periphery 55 
that is generally rectangular in shape, and the layers 52/54 can be attached to each other 
about the outer periphery of this rectangular shape to define the gas collection space 56. It 

30 should be understood, however, that in other embodiments, the layers 52/54 may include 
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an outer periphery 55 that is of a different shape, for example, circular, oval, square, 
triangular, or other multisided geometries, as desired, or the like. The layers 52/54 can be 
connected using any of a broad variety of suitable attachment techniques and/or materials, 
for example, adhesive bonding, heat bonding, welding, soldering, mechanical bonding, 
5 friction bonding, crimping, the use of additional attachment and/or connecting structures, 
or the like. Those of skill in the art will recognize that the particular attachment 
techniques and/or materials used will depend al least somewhat on the properties of the 
material being bonded and/or upon the desired characteristics of the attachment. 

Referring back to Figure 2, the gas collection space 56 is in fluid communication 

10 with a gas outlet 34 that extends through the housing 42. In the embodiment shown, fluid 
communication between the gas collection space 56 the gas outlet 34 is provided by a 
conduit 38 extending within the housing, the conduit 38 connecting and in fluid 
communication with the gas collection space 56 the gas outlet 34. In the embodiment 
shown, the conduit 38 is a hollow tubular member having a wall defining a lumen 40 

15 therein that provides fluid communication between the gas collection space 56 and the 
gas outlet 34. There is no fluid communication between the chamber 48 and the lumen 
40, and in that regard, the end 37 of the tubular member 38 opposite the gas outlet 34 may 
be closed and/or blocked to prevent such fluid communication. 

Referring to Figures 3 and 4, one or more opening 41 is defined in the wall of the 

20 tubular member 38 to expose the lumen 40 therein and being adapted to provide for fluid 
communication between the gas collection space 56 and the lumen 40. In the 
embodiment shown, fluid communication between the gas collection space 56 and the 
lumen 40 through the opening 41 is provided by attaching the gas permeable membrane 
layers 52/54 to the tubular member 38 in such a manner as to allow for such fluid 

25 communication. For example, the first layer 52 may be attached to the tubular member 
38 along a first side of the opening 41, for example at attachment point 39, and the 
second layer 54 may be attached to the tubular member 38 along a second side of the 
opening 41, for example at attachment point 43. This arrangement thereby provides for 
fluid communication between the gas collection space 56 and the lumen 40, and 
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ultimately, provides for provides fluid communication between the gas collection space 
56 and the gas outlet 34. 

As seen in Figures 2 and 3, the gas filter structure 50 is disposed within the 
chamber 48 in a manner such that the membrane layers 52/54 are in a coiled and/or spiral 
5 configuration within the chamber 48. In the embodiment shown, the membrane layers 
52/54 are coiled about a longitudinal axis of the housing 42, and in particular, are coiled 
about a longitudinal axis of the tubular member 38. For example, after attachment of the 
membrane layers 52/54 to the tubular member 38, as shown in Figures 4 and 5, the 
membrane structure may be coiled and/or rolled and/or otherwise manipulated around the 

10 tubular member 38, for example as shown by the arrows in Figures 4 and 5. Referring 
back to Figures 2 and 3, such coiling of the membrane layers 52/54 results in multiple 
levels and/or stages and/or layers of the membrane layers 52/54. Likewise, because the 
membrane layers 52/54 at least partially define the gas collection space 56 and the liquid 
flow space 57, multiple levels and/or stages and/or layers of the gas collection space 56 

15 and the liquid flow space 57 are also created. This type of coiled and/or spiral 
configuration may allow for a filter structure 50 to have a sufficient amount of surface 
area for contact with liquid flowing through the device, while reducing the amount of 
space required by the filter structure 50. In at least some embodiments, the filter structure 
50 may fill substantially the entire cross sectional area of at least a portion of the chamber 

20 48. Such an arrangement may allow for the efficient use of space, and also may be 
adapted to facilitate contact between the liquid being degassed and at least a portion of 
the filter structure 50 (i.e., the liquid cannot pass through the device without passing 
through at least a portion of the filter structure.). 

It should be understood that while the housing is shown as a generally elongated 

25 structure having a generally circular cross section, in other embodiments, the housing 
may take other forms or shapes. However, in at least some embodiments, the generally 
circular cross section can provide certain advantages. For example, in embodiments 
including a coiled and/or spiraled filter structure configuration, the circular cross section 
of the housing may allow for the generally circular coiled and/or spiraled filter structure 

30 to fill substantially the entire cross sectional area of the housing. However, it will be 
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understood that the filter structure may take other shapes and/or forms, and therefore, the 
shape of the housing may be adapted to accommodate these other shapes and/or forms. 

Additionally, in some embodiments, the size of the gas collection space 56 and/or 
the liquid flow space 57 may also be controlled to facilitate removal of gasses from the 
5 liquid. It should also be recognized that the length and width of the membrane layers 
52/54 also at least partially aid in defining the size parameters of the gas collection space 
56 and/or the liquid flow space 57. The thickness and porosity of the membrane layers 
52/54, acceptable flow rates of fluids within the gas collection space 56 and/or the liquid 
flow space 57, and the desired level of degassing may also be taken into consideration 

10 when determining appropriate size parameters. 

For example, in some embodiments, the size of the liquid flow space 57 can be 
configured to provide for acceptable contact between the liquid and the outer surface of 
the membranes 52/54 for degassing, while also allowing for an acceptable flow rate of the 
liquid through the liquid flow space 57. Depending upon the particular layers used, and 

15 upon the desired performance of the device, those of skill in the art will be able to 
determine appropriate sizing for the liquid flow space 57. In the embodiment shown, the 
spacer layer 60 may at least partially aid in defining the size of the liquid flow space 57. 
In some example embodiments, the liquid flow space 57 can have a thickness (gap) in the 
range of about 20 or more microns, or in the range of about 40 to about 1000 microns. In 

20 some embodiments, the length of the liquid flow space 57 is at least partially defined by 
the width of the membrane layers 52/54, or in other words the distance of the filter 
material along the longitudinal axis of the device. In some embodiments, the liquid flow 
space 57 may have a length in the range of about 0.1 inches, or more, or in the range of 
about 0.2 to about 20 inches or more, or in the range of about 0.5 to about 15 inches or 

25 more. In some embodiments, the width of the liquid flow space 57 is at least partially 
defined by the length of the membrane layers 52/54, or in other words the distance of the 
membrane material, for example, measured as it spirals about the longitudinal axis of the 
device. In some embodiments, the liquid flow space 57 may have a width in the range of 
about 0.5 inches, or more, or in the range of about 0.5 to about 50 inches or more, or in 

30 the range of about 0.5 to about 30 inches or more. 
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Likewise, in some embodiments, the size of the gas collection space 56 can be 
configured to provide for an acceptable flow rate of the gas through the gas flow space 
56, while maintaining and efficient use of space. Depending upon the particular layers 
used, and upon the desired performance of the device, those of skill in the art will be able 
5 to determine appropriate sizing for the gas collection space 56. In the embodiment 
shown, the spacer layer 58 may at least partially aid in defining the size of the gas 
collection space 56. In some example embodiments, the gas collection space 56 can have 
a thickness (gap) in the range of about 20 or more microns, or in the range of about 40 to 
about 1000 microns. In some embodiments, the length of the gas collection space 56 is at 

10 least partially defined by the width of the membrane layers 52/54, or in other words the 
distance of the filter material along the longitudinal axis of the device. In some 
embodiments, the gas collection space 56 may have a length in the range of about 0.1 
inches, or more, or in the range of about 0.2 to about 20 inches or more, or in the range of 
about 0.5 to about 15 inches or more. In some embodiments, the width of the gas 

15 collection space 56 is at least partially defined by the length of the membrane layers 
52/54, or in other words the distance of the membrane material, for example, measured as 
it spirals about the longitudinal axis of the device. In some embodiments, the gas 
collection space 56 may have a width in the range of about 0.5 inches, or more, or in the 
range of about 0.5 to about 50 inches or more, or in the range of about 0.5 to about 30 

20 inches or more. 

In some embodiments, the removal of dissolved gasses present in the liquid can be 
additionally facilitated by use of negative pressure and/or vacuum applied to the gas 
collection space 56. For example, vacuum pressure may be applied to the gas outlet 34 
which is in fluid communication with the gas collection space 56. For example, a 

25 vacuum line 36 extending from a vacuum creating device and/or apparatus (not shown) 
may be attached to the gas outlet 34 for the application of negative pressure. Any of a 
broad variety of vacuum creating devices and/or apparatuses generally know in the art 
may be used, for example, a pump, syringe, bulb, or the like. Such vacuum may facilitate 
removal of dissolved gasses from the liquid according to Henry's Law. 
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The material used for the gas permeable membrane layers 52/54 may include any 
of a broad variety of generally gas permeable material. For example, the membrane layer 
material can be a microporous hydrophobic membrane, such as are available 
commercially as polyolefin membranes. Example materials include: polypropylene, 
5 polyethylene, or polymethylpentene. In some embodiments, the membrane layer material 
can include a wall thickness in the range of about 10 to about 300 microns, or in some 
embodiments in the range of about 25 to about 210 microns, or in some embodiments in 
the range of about 60 to about 175 microns. In some embodiments, the membrane layer 
material can include a pore size in the range of about 0.01 to about 0.2 microns, which in 

10 some such embodiments may be sufficiently small to prevent substantial liquid 
breakthrough. In some embodiments, the membrane layer material can include a porosity 
in the range of about 10 to about 50%, which in some such embodiments may be 
sufficiently high to provide adequate flux of gas and gas bubble passage from the liquid 
contact area, which is at least partially defined by outer surfaces 53, and the gas collection 

15 space 56, which is disposed between the two layers 52/54. In some embodiments, the 
membrane layers 52/54 are constructed of suitable FDA grade materials. A porous 
hydrophobic membrane can allow for the direct removal of bubbles from liquid, such as 
aqueous fluids, without substantial liquid penetration into the pores according to the 
Young-Laplace formula. 

20 Although microporous hydrophobic membranes are described above, any porous 

material, whether hydrophobic or hydrophilic, can be used to form the layers 52/54, with 
the application of a thin coating or skin of a polymer having suitable permeability to the 
dissolved gasses (for example, oxygen, nitrogen, carbon dioxide) in the liquid passed 
adjacent the liquid contact area, but rendering the pores of the layers 52/54 impermeable 

25 to passage of the liquid there through. Example polymer coatings include silicones, 
polymethylpentene, and other polymers, some of which may be FDA grade. The polymer 
skin is preferably applied to the liquid contact surface (the outer surfaces 53) of the layers 
52/54, to prevent liquid penetration into the pores. In some embodiments, although the 
polymer skin may prevent direct removal of bubbles present in the liquid, entrained 

30 bubbles in the liquid will dissolve into the liquid once sufficient dissolved gasses are 
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removed from the liquid. Once dissolved, the gasses can be removed from the liquid. 
Such porous material, when provided with such a coating or skin, can also be considered 
a gas permeable membrane layer. 

The material used for the spacer layers 58/60 may include any of a broad variety 
5 of material generally suitable for the intended purpose of these layers. For example, in 
some embodiments, the material used for spacer layers 58 can be sufficiently sized and 
firm to maintain the gas collection space 56 open at a desired size, while still allowing for 
the flow of gas within the gas collection space 56. Additionally, in some embodiments, 
the material used for spacer layer 60 can be sufficiently sized and firm to maintain the 

10 liquid flow space 57 open at a desired size, while still allowing for the flow of liquid 
within the liquid flow space 57 at a sufficient level. In some embodiments, the material 
used for one and/or both spacer layers 58/60 can include material in the form of a weave, 
a mesh, a screen, a knit, or other porous structure that allows for the desired degree of gas 
and/or liquid porosity, respectively. Some example materials include such structures 

15 made out of natural fibers, polymers, metals, metal alloys, or the like. Some examples of 
suitable fabrics having a thickness in the range 20 microns or more, or in the range of 
about 40 to about 1,000 microns, have a pore size in the range of about 1-800, have a 
void fraction in the range of about 0.3 to about 0.8, or in some embodiments, in the range 
of about 0.4 to about 0.7, and may be made, for example, from polymers such as 

20 polyester, nylon, polypropylene, fluorocarbon, PEEK, or combinations thereof, or other 
material. 

The housing can be made of any suitable material to house the filter structure 50, 
for example a broad variety of polymers, metals, or metal alloys could be used. Some 
examples of suitable polymer materials include polycarbonate materials, and the like. 

25 Refer now to Figures 6-8 for discussion of another example embodiment of a gas 

removal device 212 that is somewhat similar to the device 112 shown above, wherein like 
reference numbers indicate similar structure. The device 212 includes a gas filter 
structure 250 disposed within the chamber 48 of the housing 42. The gas filter structure 
250, similar to structure 50 discussed above, includes a plurality of gas permeable 

30 membrane layers in a coiled and/or spiral configuration within the chamber 48. For 
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example, the filter structure 250 includes a first gas permeable membrane layer 252 and a 
second gas permeable membrane layer 254 defining a gas collection space 256 disposed 
between the two layers 252/254. The layers 252/254 each include an inner surface 251 
and an outer surface 253, and the inner surfaces 251 at least partially define the bounds of 
5 the gas collection space 256, and the outer surfaces 253 at least partially define a contact 
area, and/or liquid flow space 257 for liquid passing within the device 212. When the 
filter structure 250 is placed into a housing 42, the outer surfaces 253, potentially in 
combination with the inner surface of the housing 42, will help define the liquid flow 
space 257. The outer surfaces 523 (i.e., liquid contact area and/or liquid flow space 257) 

10 are separated from the gas collection space 256 by at least one of the membrane layers 
252/254. Therefore, as liquid passes through the liquid flow space and over the outer 
surfaces 253 of the gas permeable membrane layers 252/254, gas (if any) within the liquid 
can permeate one of the gas permeable membrane layers 252/254 and enter into the gas 
collection space 256. Additionally, the filter structure 250 can also include one or more 

15 spacer layers 258 (i.e. permeate spacer layer) disposed within the gas collection space 
256, and one or more spacer layers 260 (i.e., flow spacer layer) disposed within the liquid 
flow space 257, for example, along the outer surfaces 253 of one or both of the membrane 
layers 252/254. 

So, as can be seen, in many regards, the gas filter structure 250 can include 
20 substantially the same structure, form and materials as discussed above regarding filter 
structure 50. However, in this embodiment, the gas collection space 256 is placed in fluid 
communication with a gas outlet 234 using a different construction. In this embodiment, 
the gas outlet 234 defines one or more openings 241 in the wall of the housing 42. In the 
embodiment shown, fluid communication between the gas collection space 56 and the gas 
25 outlet 234 is provided through the opening 241 by attaching the gas permeable membrane 
layers 252/254 to the housing 42 in such a manner as to allow for such fluid 
communication. For example, the first layer 252 may be attached to the housing 42 along 
a first side of the opening 241, for example at attachment point 239, and the second layer 
254 may be attached to the housing 42 along a second side of the opening 241, for 
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example at attachment point 243. This arrangement thereby provides for fluid 
communication between the gas collection space 56 and the gas outlet 34. 

Refer now to Figure 9, which is a side view of another example embodiment of a 
liquid delivery system 310. The system 310 includes some similar structure as the system 

5 10 described above with reference to Figure 1, wherein like reference numbers indicate 
similar structure. For example, the catheter 25, manifold 14, liquid supply containers 
16/18, gas removal devices 12a/12b, and associated structure can be generally the same as 
those described above. 

However, the system 310 of Figure 9 includes a wye adapter 364 and an 

10 alternative configuration for a gas removal device 312. The wye adapter 364 and the gas 
removal device 312 are configured to allow fluid communication between the manifold 
14 and the catheter 25 while also allowing for the insertion of an elongated medical 
device 370, such as a guidewire, catheter, of the like, into the system 310, and ultimately 
into and/or through the catheter 25. 

15 The wye adapter 364 can include a medical device inlet port 368 adapted and/or 

configured for the introduction of a medical device, such as a guidewire 370. The wye 
adapter 364 also includes a fluid inlet port 366 configured for connection and fluid flow 
communication with the manifold 14, for example using connection structure 28, and a 
fluid outlet/device outlet port 367 configured for connection and fluid flow 

20 communication with the gas removal device 312. The wye adapter 364 can include one 
or more lumens extending from the medical device inlet port 368 to the outlet port 367 
for passage of the medical device, and may also include one or more lumens extending 
from the fluid inlet port 366 to the outlet port 367 for passage of the fluid from the 
manifold 14 to the gas removal device 312. Suitable configurations for such a wye 

25 adapter 364 are generally known in the art. 

It should also be appreciated that in this system 310, the gas removal device 312 
must also include structure allowing the insertion and/or passage of the medical device 
370 there through. In that regard, reference is now made to Figure 10, which shows 
another example embodiment of a gas removal device 312. The device 312 is 

30 substantially similar to the embodiment shown in Figures 6-8, and as discussed above, 
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wherein like reference numerals indicate similar structure. For example, the filter 
structure 250 and arrangement is substantially similar to the embodiment shown in 
Figures 6-8. However, in this embodiment, the device 312 further includes a conduit 370 
extending through at least a portion of the chamber 48 within the housing 42. The 
5 conduit 370 extends from adjacent the liquid inlet 44 to adjacent the liquid outlet 46, and 
is configured and/or adapted to receive an elongated medical device, for example 370 in 
Figure 9. In the embodiment shown in Figure 10, the conduit 370 is a tubular member 
defining a lumen 372 configured and/or sized for receiving or passing an elongated 
medical device there through. The proximal end 380 of the tubular member 370 is 

10 coaxially disclosed adjacent the fluid inlet port 44, and the distal end 378 is coaxially 
disposed adjacent the outlet port 46, although this is not necessary in all embodiments. 
Additionally, conduit 370 may include one or more sealing devices or configurations that 
may seal the lumen 372 such that fluid flow, for example in a direction away from the 
distal end 378, is reduced and/or prevented. Such a sealing device may be adapted to 

15 allow various devices to be inserted there through while also providing a fluid seal around 
an inserted device. For example, a dual flexible membrane may be incorporated such 
that, fluid flow out of the proximal end 380 of the lumen 372 is prevented. The 
embodiment shown indicates one or more sealing structures 374/376 that are disposed 
within the lumen 372 of the conduit 370. 

20 Figure 1 1 shows another alternative embodiment of a gas removal device 412 that 

may be used, for example, in place of the gas removal device 312 of the liquid delivery 
system 310 shown in Figure 9. The device 412 is substantially similar to the device 112 
shown in Figures 2-5, and as discussed above, wherein like reference numerals indicate 
similar structure. For example, the filter structure 50 and arrangement is substantially 

25 similar to the embodiment shown in Figures 2-5. However, in this embodiment, the 
device 412 also includes a conduit 470 extending through at least a portion of the 
chamber 48 within the housing 42, for example, as described above with reference to the 
device 312 shown in Figure 10. The conduit 470 extends from adjacent the liquid inlet 
44 to adjacent the liquid outlet 46, and is configured to receive an elongated medical 

30 device. In the embodiment shown, the conduit 470 is a tubular member defining a lumen 
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472 configured for receiving and/or passing an elongated medical device there through. 
In the embodiment shown, the gas conduit 38 and the medical device conduit 470 can be 
coaxially disposed along at least a portion of the lengths thereof, however, this is not 
required. 

5 Fig 12 is side view of another example embodiment of a liquid delivery system 

510. The system 510 includes some similar structure as the systems 10 and 310 described 
above with reference to Figures 1 and 9, wherein like reference numbers indicate similar 
structure. For example, the catheter 25, manifold 14, liquid supply containers 16/18, gas 
removal devices 12a/12b, and the other structure associated therewith can be generally 

10 the same as those described above. Additionally, similar to the embodiment shown in 
Figure 9, the system 510 includes structure allowing for the insertion of an elongated 
medical device 570, such as a guidewire, catheter, of the like, into the system 510, and 
ultimately to the catheter 25. However, in this embodiment, the system 510 does not 
include a wye adapter (Y-adapter), but rather includes an alternative embodiment of a gas 

15 removal device 512 that includes structure allowing for direct fluid communication with 
the manifold 14 and for the direct insertion of an elongated medical device 570. In this 
embodiment, the housing of the device 512 defines a medical device port 568 adapted 
and/or configured for the introduction of a medical device 570 and a separate fluid inlet 
port 544 configured for connection and fluid flow communication with the manifold 14, 

20 for example using connection structure 28. 

For example, reference is now made to Figure 13, which shows a cross sectional 
view of one example embodiment of such a gas removal device 512. The device is 
substantially similar to the structure of the device 312 shown in Figure 10, wherein 
similar reference numbers indicate similar structure. For example, the filter structure 250 

25 and arrangement is substantially similar to the embodiment shown in Figure 10 (which is 
substantially the same filter structure 250 of Figures 6-8). Additionally, the device 512 
also includes a medical device conduit 570 including a lumen 572 extending through at 
least a portion of the chamber 48 within the housing 42, which is substantially similar in 
form and function to the conduit 370 including lumen 372 of Figure 10. For example, the 

30 conduit 570 can be a tubular member configured to receive an elongated medical device. 
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However, in this embodiment, the device 512 includes a separate medical device 
port 568 and fluid inlet port 544, as discussed above. Therefore, the proximal end 580 of 
the tubular member 570 is not coaxially disposed within the fluid inlet port 544, but 
rather, the fluid inlet port 544 is spaced from the tool inlet port 568. In this embodiment, 
5 the tool inlet port 568 is disposed generally along the longitudinal axis of the device 512, 
while the fluid inlet port 544 is oriented at and angle with the longitudinal axis of the 
device 512. Additionally, one or more sealing structures 574 can be disposed within the 
lumen 572 of the conduit 570, such as the sealing structures described above with 
reference to Figure 10. 

10 Figure 14 shows another alternative embodiment of a gas removal device 612 that 

may be used, for example, in place of the gas removal device 512 of a liquid delivery 
system 510 shown in Figure 12. The device 612 is substantially similar to the 
embodiment shown in Figures 11, and as discussed above, wherein like reference 
numerals indicate similar structure. For example, the filter structure 50 and arrangement 

15 is substantially similar to the embodiment shown in Figure 1 1 (which is substantially the 
same filter structure 50 of Figures 2-5). Additionally, the device 612 also includes a 
medical device conduit 670 including a lumen 672 extending through at least a portion of 
the chamber 48 within the housing 42, which is substantially similar in form and function 
to the conduit 470 including lumen 472 of Figure 1 1 . For example, the conduit 670 can 

20 be a tubular member configured to receive an elongated medical device. In the 
embodiment shown, the gas conduit 38 and the medical device conduit 670 can be 
coaxially disposed along at least a portion of the lengths thereof, however, this is not 
required. 

However, in this embodiment, the device 612 includes a separate medical device 
25 port 668 and fluid inlet port 644, for example, as discussed above with reference to 
Figures 12 and 13. Therefore, the proximal end 680 of the tubular member 670 is not 
coaxially disposed within the fluid inlet port 644, but rather, the fluid inlet port 644 is 
spaced from the tool inlet port 668. In this embodiment, the 668 fluid inlet port 544 is 
disposed generally along the longitudinal axis of the device 512, while the tool inlet port 
30 668 is oriented at and angle with the longitudinal axis of the device 512. Additionally, 
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one or more sealing structures 674 can be disposed within the lumen 672 of the conduit 
670, such as the sealing structures described above with reference to Figure 10. 

Figures 15 and 16 disclose another alternative embodiment of a gas removal 
device 712. In some regards, the device 712 is substantially similar to the structure of the 
5 device shown in Figures 6-8, wherein similar reference numbers indicate similar 
structure. For example, the filter structure 250 and arrangement is substantially similar to 
the embodiment shown in Figure 6-8. 

However, in this embodiment, the device 712 also includes structure that may 
allow for the reverse flow of liquid through the device 712 such that the liquid flowing in 

10 the reverse direction does not flow through the filter structure 250. In this embodiment, 
the housing 742 includes a chamber 748 that includes a first liquid path conduit 749 in 
fluid communication with the liquid inlet 744 and the liquid outlet 746, and a second 
liquid path conduit 762 in fluid communication with the liquid inlet 744 and the liquid 
outlet 746. The device 712 also includes a valve assembly 713 adapted and/or 

15 configured to allow for the flow of liquid from the liquid inlet 744 to the liquid outlet 746 
through the first liquid path conduit 749 while preventing the flow of liquid from the 
liquid inlet 744 to the liquid outlet 746 through the second liquid path conduit 762. The 
valve assembly 713 is further configured to allow for the flow of liquid from the liquid 
outlet 746 to the liquid inlet 744 through the second liquid path conduit 762 while 

20 preventing the flow of liquid from the liquid outlet 746 to the liquid inlet 744 through the 
first liquid path conduit 749. 

In the embodiment shown, the valve assembly 713 includes a first one way check 
valve 768 disposed within the first liquid path conduit 749 configured to allow one- 
directional liquid flow from the liquid inlet 744 to the liquid outlet 746 through the first 

25 liquid path conduit 749. The valve assembly 713 also includes and a second one way 
check valve 770 disposed within the second liquid path conduit 762 configured to allow 
one-directional liquid flow from the liquid outlet 746 to the liquid inlet 744 through the 
second liquid path conduit 762. Fig 15 shows fluid flow through the first liquid path - 
through the filter structure 250. Figure 16 shows fluid flow through the second liquid 

30 path 760 - away from, and not through the filter structure 250. It should be understood 
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that such valve assembly and structure could be arranged at alternative locations along the 
liquid path conduits 749/762, and/or could include different types of valves and/or fluid 
path assemblies. For example, the valve assemblies may be disposed adjacent the liquid 
outlet 746, or at other locations along the conduits 749/762. 
5 Such embodiments including structure that may allow for the reverse flow of 

liquid through the device 712 such that the liquid flowing in the reverse direction does 
not flow through the filter structure 250 may allow for the performance of certain 
procedures and/or operations, such as aspirating liquid from a patient, etc. without the 
risk of fouling of the filter structure 250 with the liquid being aspirated. 

10 Figure 17 shows another alternative embodiment of a gas removal device 812, 

similar to that shown in Figures 15 and 16, wherein like reference numbers indicate 
similar structure. For example, the filter structure 250 and arrangement is substantially 
similar to the embodiment shown in Figures 15 and 16 (which are similar to the filter 
structure 250 in Figures 6-8). Additionally, the structure that may allow for the reverse 

15 flow of liquid through the device 812 such that the liquid flowing in the reverse direction 
does not flow through the filter structure 250 is substantially similar to like numbered 
structures shown in Figures 15 and 16, with a few structural differences, as indicated in 
the Figures. 

However, in this embodiment, the device 812 further includes a conduit 872 
20 extending through at least a portion of the chamber 748 within the housing 742, the 
conduit 872 extending from adjacent the liquid inlet 744 to adjacent the liquid outlet 746, 
and being configured to receive, for example, an elongated medical device. For example, 
the conduit 872 may be similar in structure and configuration to the conduit 370 
described above with reference to Figure 10. Additionally, one or more sealing structures 
25 874 can be disposed within the lumen 872 of the conduit 870, such as the sealing 
structures described above with reference to Figure 10. 

Figures 18-20 are useful in describing another example embodiment of a gas 
removal device 912. Refer now to Figure 20, which is a partial cross-sectional view 
taken along a vertical line perpendicular to a longitudinal axis of the gas removal devices 
30 912 (for example, a view similar to cross sectional view of the device 112 shown in 
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Figure 3). Similar to the devices described above, the device 912 includes a housing 942 
defining a chamber 948 disposed at least partially between a liquid inlet and a liquid 
outlet. Although not shown in this view of the device 912, the inlet and outlet are 
substantially similar to those shown in the other embodiments disclosed herein. A gas 

5 filter structure 950 is disposed within the chamber 948. 

With reference to Figures 18 and 19, the filter structure 950 is also substantially 
similar to the other embodiments described herein in that it includes a first gas permeable 
membrane layer 952 spaced from a second gas permeable membrane layer 954 to form a 
gas collection space 956 disposed between the two layers 952/954. The layers 952/954 

10 each include an inner surface 951 and an outer surface 953, and the inner surfaces 951 at 
least partially define the bounds of the gas collection space 956, and the outer surfaces 
953 at least partially define a contact area and/or liquid flow space 957 for liquid passing 
within the device 912. The filter structure 950 can also include one or more spacer layers 
958 (i.e., permeate spacer layer) disposed within the gas collection space 956, for 

15 example, to aid in maintaining the gas collection space 56 open. Additionally, the filter 
structure 950 can also include one or more spacer layers 960 (i.e., flow spacer layer) 
disposed within the liquid flow space 957, for example along the outer surfaces 953 of 
one or both of the membrane layers 952/954. The spacer layer 960 can aid in maintaining 
the liquid flow space 957 open by keeping the outer surfaces 953 of the two membrane 

20 layers 952/954 separate from each other and/or appropriately spaced from other 
structures. 

The gas collection space 956 is placed in fluid communication with a gas outlet 
934 using a construction similar to that shown in the embodiment shown in Figures 6-8. 
More specifically, gas outlet 934 defines one or more openings 941 in the wall of the 

25 housing 942, and fluid communication between the gas collection space 956 and the gas 
outlet 934 is provided through the opening 941 by attaching the gas permeable membrane 
layers 952/954 to the housing 942 in such a manner as to allow for such fluid 
communication. For example, the first layer 952 may be attached to the housing 942 
along a first side of the opening 941, for example at attachment point 939, and the second 

30 layer 954 may be attached to the housing 942 along a second side of the opening 941, for 
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example at attachment point 943. This arrangement thereby provides for fluid 
communication between the gas collection space 956 and the gas outlet 934. The 
materials, structure, size and construction of these structures can be in general accordance 
with the construction of similar elements discussed in the other embodiments disclosed 
5 herein. 

However, in this embodiment, the filter structure 950 is oriented in the housing 
942 in a folded manner, rather than in a coiled and/or spiral manner as shown in the 
embodiments above. More particularly, in the embodiment shown, the membrane layers 
952/954 are folded along fold lines to create multiple levels and/or stages and/or layers of 

10 the membrane layers 952/954 - most of which, in the embodiment shown, are generally 
about as long as the cavity 948 is wide. Likewise, because the membrane layers 952/954 
at least partially define the gas collection space 956 and the liquid flow space 957, 
multiple levels and/or stages and/or layers of the gas collection space 956 and the liquid 
flow space 957 are also created. This type of folded configuration may allow for a filter 

15 structure 950 to have a sufficient amount of surface area for contact with liquid flowing 
through the device, while reducing the amount of space required by the filter structure 
950. In at least some embodiments, the filter structure 950 may fill substantially the 
entire cross sectional area of at least a portion of the chamber 948. Such an arrangement 
may allow for the efficient use of space, and also may be adapted to facilitate contact 

20 between the liquid being degassed and at least a portion of the filter structure 950 (i.e., the 
liquid cannot pass through the device without passing through at least a portion of the 
filter structure.). 

It should also be noted that in this embodiment, the housing is shown as a 
generally elongated structure having a generally rectangular cross section that is adapted 
25 to accommodate the folded shape of the filter structure 950. However, as discussed 
above, the housing may take other forms or shapes, for example, to accommodate other 
filter structures. 

Reference is now made to Figure 21, which shows another example embodiment 
of a gas removal device 1012. The device 1012 is substantially similar to the 
30 embodiment shown in Figures 6-8, and as discussed above, wherein like reference 
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numerals indicate similar structure. For example, the filter structure 250 and arrangement 
is substantially similar to the embodiment shown in Figures 6-8. 

However, this embodiment includes a gas outlet 1034 that includes a negative 
pressure and/or vacuum creating structure 1080 directly attached thereto. The vacuum 
5 creating structure 1080 can be adapted to apply vacuum pressure to the gas outlet 1034 
which is in fluid communication with the gas collection space 256. As discussed above, 
such vacuum may facilitate removal of dissolved gasses from the liquid according to 
Henry's Law. Any of a broad variety of vacuum creating structures generally know in the 
art may be used, for example, a pump, syringe, bulb, or the like. In this embodiment, the 

10 vacuum creating structure 1080 is directly connected to the gas outlet 1034, and in at least 
some embodiments, is of unitary construction with the gas outlet 1034 and/or the housing 
42 of the device 1012. For example, in the device 1012 shown, the vacuum creating 
structure 1080 is a syringe like structure mounted onto, and in some respects, of unitary 
construction with the housing 42. The structure 1080 includes a lumen 1082 defined by a 

15 portion 1031 of the housing 42 and an outer wall structure 1030. A plunger member 
1084 is disposed within the lumen 1882. The plunger member 1084can be manipulated 
to apply a vacuum pressure on the gas outlet 1034, and therefore to the gas collection 
space 256. 

Reference is now made to Figures 22-23A, which illustrate another example 
20 embodiment of a gas removal device 1112. Similar to the devices discussed above, the 
device 1112 includes a housing 42 defining a liquid inlet 44, a liquid outlet 46, and a 
chamber 48 disposed at least partially between the inlet 44 and outlet 46. However, in 
this embodiment, the device 112 includes a different gas filter structure 1150 disposed 
within the chamber 48. 

25 In the embodiment shown, the filter structure 1150 includes a plurality of hollow 

tubular members and/or fibers 1152 made of a gas permeable membrane material. The 
fibers can be made of the same type of membrane material as discussed in the 
embodiments above, but would be hollow fiber members 1152 each including a lumen 
1 1 54 which defines a plurality of liquid flow spaces 1154. The plurality of fiber members 

30 1 152 each includes a first end 1161 and a second end 1 163. The fiber members 1 152 are 
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held in place at their first ends 1 161 and their second ends 1 163 within the chamber 48 by 
first and second liquid tight seals 1190/1191 that are disposed between the ends 
1161/1163 of each of the fiber members 1152 and the interior surface of the lumen 
defined by the cavity 48. The first and second seals 1 190/1 191 can include, for example, 
5 a potting resin that fills the voids between the fiber members 1152, and bonds to the 
interior surface of the cavity 48 to form a fluid tight seal once hardened or cured. The 
potting resin can comprise, for example, a multicomponent (resin and hardener 
component) thermosetting or UV-curable resin, such as for example, silicone, urethane or 
epoxy, all of which will provide secure attachment of the fiber members 1 152 within the 
10 cavity 48, as well as insuring a fluid tight seal around the fiber members 1 152 and against 
the interior surface of the cavity 48. In at least some embodiments, the material would be 
FDA grade. 

As seen best in the cross-sectional view of Figure 23, the fluid tight seals 
1190/1191 (seal 1190 is depicted in Figure 3) are closely formed around the external 

15 surfaces of the fiber members 1 152 and, if present, the conduit 1138, which is more fully 
described below. As seen best in the cross-sectional view of Figure 23A, the fiber 
members 1152 and, if present, the conduit 1138 extend freely between the first and 
second fluid tight seals 1 190/1 191. Alternatively, intermediate supports and/or baffles can 
be provided between the first and second fluid tight seals 1 190/1 191. The first and second 

20 fluid tight seals 1190/1191, along with the interior surface of the chamber 48, define a 
sealed gas collection space 1156 within the housing 42. The gas collection space 1156 is 
in fluid communication with the gas outlet 1134. In the embodiment shown, fluid 
communication between the gas collection space 1 156 the gas outlet 1 134 is provided by 
a conduit 1138 extending within the housing, the conduit 1138 connecting and in fluid 

25 communication with the gas collection space 1156 the gas outlet 1134. In the 
embodiment shown, the conduit 1138 is a hollow tubular member having a wall defining 
a lumen 1 140 therein that provides fluid communication between the gas collection space 
1156 and the gas outlet 1134. One or more opening 1141 is defined in the wall of the 
tubular member 1 138 to expose the lumen 1 140 therein for fluid communication between 

30 the gas collection space 1156 and the lumen 1140. As discussed above in other 
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embodiments, the removal of dissolved gasses present in the liquid can be additionally 
facilitated by use of negative pressure and/or vacuum applied to the gas collection space 
1 156, for example, through the gas outlet 1 134. 

Figure 24 shows another alternative embodiment of a gas removal device 1212, 
5 similar to that shown in Figures 22-23, wherein like reference numbers indicate similar 
structure. For example, the filter structure 1250 is substantially similar to the 
embodiment shown in Figures 22-23. However, in this embodiment, the device 1212 also 
includes a conduit 1270 extending through at least a portion of the chamber 1248 within 
the housing 42, for example, as described above with reference to the devices 312/412 

10 shown in Figures 10 and 11. The conduit 1270 extends from adjacent the liquid inlet 44 
to adjacent the liquid outlet 46, and is configured to receive an elongated medical device. 
In the embodiment shown, the conduit 1270 is a tubular member defining a lumen 1242 
configured for receiving and/or passing an elongated medical device there through. In the 
embodiment shown, the gas conduit 1138 and the medical device conduit 1270 can be 

15 coaxially disposed along at least a portion of the lengths thereof, however, this is not 
required. 

Figure 25 shows another alternative embodiment of a gas removal device 1312, 
similar to that shown in Figures 22-23, wherein like reference numbers indicate similar 
structure, but including a different venting structure. Rather than including a conduit 

20 1138 to provide fluid communication with the gas outlet 1134, as describe in the 
embodiments of Figures 22-24, this embodiment provides direct fluid communication 
between the gas collection space 1156 the gas outlet 1334. The gas outlet 1334 is 
disposed in the housing 42 in fluid communication with the gas collection space 1156. 
This embodiment also includes a structure that may allow for the reverse flow of liquid 

25 through the device 1312 such that the liquid flowing in the reverse direction does not 
flow through the filter structure 1150, for example, similar to the devices described above 
with reference to Figures 15-17, wherein like reference numbers indicate similar 
structure. 

Figure 26 shows another alternative embodiment of a gas removal device 1412, 
30 similar to that shown in Figures 25, wherein like reference numbers indicate similar 
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structure. In this embodiment, however, the device 1412 includes a gas outlet 1034 that 
includes a negative pressure and/or vacuum creating structure 1080, for example, as 
described above in the embodiment shown in Figure 21, wherein like reference numbers 
indicate similar structure. 
5 Figure 27 is side view of another example embodiment of a liquid delivery system 

1510. The system 1510 includes some similar structure as the systems 10, 310, 510 
described above with reference to Figures 1, 9, and 12, wherein like reference numbers 
indicate similar structure. For example, the catheter 25, liquid supply containers 16/18, 
gas removal devices 12a/12b, infusion device 20, and the other structure associated 

10 therewith can be generally the same as those described above. 

However, in this embodiment, the system 1510 includes an alternative manifold 
construction. The manifold 1514 may still include a central or main fluid delivery lumen 
1517 including one or more liquid supply ports 22/24, valves 32a/32b/32c, one or more 
infusion device ports 26, one or more monitoring and/or sensing devices ports 27, fluid 

15 outlet port 31, or other such structure. Additionally, the manifold may operate in 
generally the same manner described above. However, in this embodiment, the manifold 
includes a manifold body having a gas filter structure and/or device 1512 disposed within 
and in fluid communication with the fluid delivery lumen 1517. In at least some 
embodiments, as shown, the gas filter structure and/or device 1512 can be of general 

20 unitary construction with the manifold 1514. The structure of the gas filter structure 
and/or device 1512 incorporated into the manifold can include, for example, any of those 
already described herein. 

It should be understood that this disclosure is, in many respects, only illustrative. 
Changes may be made in details, particularly in matters of shape, size, and arrangement 

25 of steps without exceeding the scope of the invention. For example, as discussed above, it 
will be understood by those of skill in the art and others that the gas removal devices and 
configurations disclosed herein may be used in any of a broad variety of fluid delivery 
systems and configurations, and that the specific catheter infusion systems specifically set 
fourth herein are given by way of example only. The invention's scope is, of course, 

30 defined in the language in which the appended claims are expressed. 
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